Abstract-The present paper deals with cytological studies on the population basis of 21 species belonging to 9 genera of tribe Paniceae of family Poaceae from cytologically unexplored area of Western Himalayas i.e. district Kangra of Himachal Pradesh for the assessment of genetic diversity of grass flora. On world wide basis, the chromosome counts have been made for the first time for three species such as Brachiaria remota (n = 16), Digitaria granularis (n = 36) and Isachne albens (n = 5). Similarly, on India basis, altogether new records are made for two species such as Echinochloa cruspavonis (n = 27) and Paspalum distichum (2n = 50). A comparison of the different euploid cytotypes studied at present for Digitaria adscendens, D. setigera and Oplismenus compositus revealed significant variations in their morphology, depicting increase in some of the characters of polyploid cytotypes. The course of meiosis has been observed to be normal in all the studied populations with high pollen fertility except for two species such as Paspalum dilatatum and P. distichum marked with abnormal meiosis and reduced pollen fertility.
INTRODUCTION
The members of tribe Paniceae are annual or perennial herbs, rarely woody, with inflorescence comprising of more or less similar spikelets. It is one of the economically most important tribes of the family since many of its species are good forage (Brachiaria ramosa, Digitaria adscendens, Paspalidium flavidum) and grain crops (Echinochloa crus gallii, Urochloa panicoides). Certain species (Echinochloa crus gallii) are known to possess folk remedy for treating carbun cles, haemorrhages, sores, spleen trouble, cancer and wounds [1] . Taxonomically, the Paniceae is one of the largest and most complex tribes in the family Poaceae, consisting of about 82 genera and 1460 species [2] and 30 genera and 193 species recorded from Indian sub continent [3] . Cytologically, a significant contribution to the tribe Paniceae has been made by different researchers such as [4] from Taiwan and [5] from China along with contribution of some Indian cytolo gists as [6] from South India, [7] from Central and Eastern Himalayas. Significant work in this direction for the Western Himalayan grasses has been previously done but from other distant places like Kashmir (Jammu and Kashmir) [7] [8] [9] [10] ; Mussoorie (Uttrak hand) [11] ; Nainital (Uttrakhand) [12] ; Shimla (Him achal Pradesh) [10, 11, 13] and lower Shivalik hills (Punjab and Haryana) [13, 14] . However, from dis trict Kangra (Himachal Pradesh) selected by us, not 1 The article is published in the original. even a single cytological report is available for the grasses. It is noted from literature that different species of the tribe are known to exhibit well marked inter and intraspecific chromosomal diversity both at dip loid and/or polyploid levels. To analyze the cytomor phological diversity at population level, the meiotic studies have been carried out in different grass species on the population basis from newly marked area at present being cytologically explored for the first time.
MATERIALS AND METHODS
In all the cytotypes, variable characters were stud ied for each cytotype to have proper insight of mor phological variation. For stomatal studies, mature leaves were treated with 10% aqueous solution of Potassium hydroxide (KOH) at room temperature for 10-15 min and then epidermal peels were observed. Stomatal size was measured using occulomicrometer.
For meiotic studies, young spikes were collected on population basis from various localities of district Kangra of Himachal Pradesh. Meiotic studies were carried out through standard smearing technique from young spikes fixed in Carnoy's fixative. For the analy sis of meiotic abnormalities, large numbers of PMCs were observed for each type of anomaly. Pollen fertility was estimated by mounting mature pollen grains in glycerol acetocarmine (1 : 1) mixture. Well filled pol len grains with stained nuclei were taken as apparently fertile while shrivelled and unstained pollen grains Cytomorphological Studies in Some Members of Tribe Paniceae (Poaceae) from District Kangra of Himachal Pradesh (Western Himalayas) 1 were counted as sterile. Pollen grain size was measured using occulomicrometer. Photomicrographs of pollen mother cells were made from freshly prepared slides using Nikon 80i eclipse Digital Imaging System. Voucher specimens are deposited in the Herbarium, Department of Botany, Punjabi University, Patiala (PUN).
RESULTS
At present, detailed meiotic studies have been car ried out on 73 populations of 21 species belonging to 9 genera of tribe Paniceae. The information about spe cific locality, altitude, accession number, meiotic chromosome number, figure number, ploidy level and course of meiosis is given in Table 1 . To assess the sta tus of presently worked out cytotypes, the results are checked in light of total previous chromosomal reports available from [15] [16] [17] , various Journals and Proceed ing volumes. Further, for each species out of the heavy lists of chromosome number data only a few selected references are picked up just to stress on those reports which show some significant changes. Morphological comparison has been made for 3 species as shown in Table 2 .
Alloteropsis cimicina (L.) Stapf. The presently worked out populations are found to be common near waste places in the altitudinal range of 500-700 m in district Kangra. The species is characterized by absence of silky base of sheath; spikelets usually green and upper lemma abruptly and shortly aristate. The genus is based on x = 9. Presently, this grass species with n = 18 is found to be tetraploid in conformity with the earlier report of 2n = 36 given by various research ers from India and outside India. The other chromo some report for the species, 2n = 30 likely to be aneu ploid was reported by [18] from Bihar (India).
Brachiaria ramosa (L.) Stapf. The species is com monly known as browntop millet. As a leafy grass, it has good fodder value. The presently worked out popula tions are found at an altitudinal range of 400-800 m in the damp and shady places. The species is easily recog nized by spikelets glabrous and pubescent, pedicel and rachis with long colorless hairs. On the basis of cumu lative worldwide literature, the genus is based on x = 6-9 with 7 and 9 being dominating base numbers. This species is reported to exhibit 2n = 14, 28, 32, 36, 42, 46, 72 chromosome numbers speaking of existence of intraspecific polyploid cytotypes (2x, 4x, 6x and 8x). However, in this species the gametic number is noted to be n = 16 and based on x = 8, it is at tetraploid level in conformity with earlier such reports available from North Western and eastern parts of India only [7, 10, 14, 19] .
B. remota (Retz.) Haines. The populations worked out at present are found to be common in shady places along roadsides in district Kangra within altitudinal range of 500-800 m. The species is characterized by culm weak, decumbent, upto 60 cm tall, leaves linear and spikelets oblong obtuse. In the presently worked out species, new cytotype with n = 16 based on x = 8 at tetraploid level has been recorded on world wide basis for the first time. With the same base number, earlier report of octoploid cytotype with 2n = 64 by [20] from outside India and another cytotype based on x = 9 at tetraploid level with 2n = 36 by [21] from India are also available in literature.
Digitaria adscendens (H.B.K.) Henr. It is one of the largest genera of the tribe Paniceae and this species is very common all over the India. The presently worked out populations are found to be common along open fields between altitudes of 500-1000 m in district Kangra. The species is characterized by spike lets elliptic lanceolate, 2.5-3 mm long and without spreading hairs. The genus is based on x = 7-9, and 10 but 9 being highly common base number. For the stud ied species, two cytotypes occurring as hexaploid with n = 27 and octoploid with n = 36, respectively, are reported at present from four different localities each. The species in India is already known to have similar cytotype with 2n = 54 to be quite common in Punjab plains and south India and from many parts of the world outside India. The cytotype with 2n = 72 was also previously reported mainly from different parts of north India along with single report of [22] from Costa Rican. The species also exhibits other cytotypes with chromosome numbers as 2n = 18 as diploid [23] from Taiwan and polyploids as 2n = 36, 60, 68, 70 mainly from India. Morphologically, some significant differ ences are noted for some characters of the presently worked out cytotypes (Figs. 34a-35b, Table 2 ). D. granularis (Trin.) Henr. The species is com monly known as crabgrass. The populations worked out at present are found to be common in open fields in district Kangra within altitudinal range of 600-2700 m. It is easily recognized by leaves 7-8 cm long, 3 mm broad, acute at tip and tip of the pedicel some what thickened, without a rim of hairs. The present chromosome count of n = 36 in the species is the first ever record of an octoploid cytotype on world wide basis against the previous reports of only tetraploid cytotype with 2n = 36 that too mainly from different parts of north India [14, 24] except for one report [25] from Thailand. D. longiflora (Retz.) Pers. The species is com monly known as Indian crab grass. The presently worked out populations are found to be common along the roadsides and in the rice fields within alti tude range of 500-2000 m in district Kangra. The spe cies is characterized by culms creeping and rooting at nodes and inflorescence of 2-3 racemes upto 7 cm long. Cytologically speaking, this grass is based on x = 9 and with n = 9 is found to be at diploid level in con formity with reports from India and outside India. The other different cytotypes for the species with 2n = 36, 54 and 72 at 4x, 6x, and 8x levels along with one report of possibly aneuploid cytotype, 2n = 34 are also reported in the literature but mostly from outside India. D. setigera Roth ex Roem. & Schult. The presently worked out populations are found along the roadsides at an altitudinal range of 500-3000 m in district Kan gra. The species is characterized by racemes densely pubescent with or without a few long white hairs and spikelets elliptic acute. Two cytotypes, one at hexap loid level with n = 27 in five populations and another at octoploid level with n = 36 in four populations have been cytologically investigated at present in confor mity with earlier many reports from India and one report of 2n = 72 from Pakistan by [26] . Another cyto type at tetraploid level with 2n = 36 has also been ear lier known from north India by [27] [28] [29] . The cyto types investigated at present also differ for some mor phological characters (Figs. 36a-37b, Table 2 ).
D. stricta Roth ex Roem. et Schult. The popula tions worked out at present are found to be common along the roadsides in rocky crevices within altitudinal range of 600-1500 m in district Kangra. The grass has good fodder value. The species is characterized by culm erect; tip of the pedicel cupuliform with hairs on the rim and distinct upper glume. The gametic chro mosome number for the species is reported to be n = 36 at octoploid level in conformity with single earlier report by [30] from north India. Previously, two reports of diploid cytotype with 2n = 18 [31, 32] district Kangra. The species is characterized by culms erect and inflorescence of 2-6 racemes, 4-10 cm long. Cytologically speaking, this grass with n = 18 is found to be tetraploid in conformity with the earlier report of 2n = 36 reported from India and outside India along with single diploid report of 2n = 18 from India by [7, 33] .
Echinochloa colonum (L.) Link. The species is commonly known as Jungle rice or Shama millet, is a common weed of rice fields and moist habitats. The species has good fodder value, grains are eaten by poorer people. The presently worked out populations are commonly found in damp rich soils in district Kangra within altitudinal range of 500-3000 m. The species is characterized by spikes distant; spikelets more or less hairy and lower lemma and upper glume equally acute, not awned. Cytologically, the genus is based on x = 7-10 with 9 remaining to be dominant base number. This species is reported to exhibit n = 27 at hexaploid level in conformity with bulk of previous reports from different parts of the world. The other chromosome numbers 2n = 24, 32, 36, 48, 52, 54, 56, 72, 96 and 108 showing intraspecific polyploid and aneuploid cytotypes ranging from 3x to 12x levels are previously known but mainly from different parts of India.
E. crus galli (L.) P. Beauv. The species commonly known as barnyard grass is a troublesome weed in the temperate countries. However due to its lush nature, acts as valuable forage plant. The populations worked out at present are commonly found in various moist habitats. The species is characterized by panicle erect, rather stiff; lower lemma and upper glume acuminate and lower lemma shortly awned. The species is reported to be hexaploid with n = 27 in conformity with previous reports reported from India and outside India by various workers. The other chromosome number reports as 2n = 18, 36, 42, 48, 50 at 2x, 4x, 6x levels are available in literature as multiple references from India as well as outside India. However, single reports are available for certain polyploid cytotypes as 2n = 38 [34] ; 2n = 56 [35] ; 2n = 72 [36] ; 2n = 90 [26] from outside India only. against the previous report of [37] from east Africa. The other chromosome numbers as 2n = 18 as 2x [38] and 2n = 36 as 4x [39] [40] [41] [42] are also known from outside India. E. frumentacea Link. The presently worked out populations are commonly found in the wet and moist open fields of district Kangra. The species is charac terized by tall and robust nature; spikelets densely crowded and ligules entirely absent. Cytologically speaking, based on x = 9 this species with n = 27 is found to be at hexaploid level in conformity with var ious previous reports available from India and outside India. The other different cytotypes for the species based on x = 7, 2n = 56 at 8x [43] ; x = 8, 2n = 48 at 6x [44] and x = 9, 2n = 36 at 4x [45] are also reported in the literature suggesting polybasic nature of the species.
Isachne albens Trin. The presently worked out pop ulations are commonly found as a weed in wheat fields. The species is characterized by sheaths smooth; stiff leaves; panicle with many spikelets and white flo rets. The genus is based on x = 5. The present chromo some count of n = 5 in the species is the first ever record of a diploid cytotype on world wide basis against few reports as 2n = 40 at octoploid level [33, 46] from West ern Himalayas and Punjab plains, respectively.
Oplismenus burmanii (Retz.) P. Beauv. The pres ently worked out populations are commonly found on rocks along roadsides between the altitudinal range of 800-1500 m in district Kangra. The species is charac terized by awns pale, barbellate, capillary and flexu ous. Cytologically, the genus is dibasic with x = 9 and 10 but 9 remains predominant base number. This spe cies is found to be at diploid level with n = 9 in confor mity with many earlier reports from India and outside India. Another diploid cytotype based on x = 10 with 2n = 20 is reported by [47] from Africa and [48] from Pachmari hills along with different polyploid and ane uploid cytotypes known with 2n = 36, 40, 44, 54 and 72 exhibiting 4x to 8x levels from different parts of the world.
O. compositus L. P. Beauv. The species is com monly known as running mountain grass and is used as an excellent fodder grass. The presently worked out populations are commonly found to be growing gre gariously in open shady places of district Kangra. The species is characterized by inflorescence of racemes of spikelets alternate along a long or short rachis and awns reddish, smooth, viscid, stiff. Based on x = 9, this species is worked out in the form two cytotypes, one with n = 27 at hexaploid level in conformity with var ious previous reports available mainly from India including single report [25] from Thailand and another one, with n = 36 at octoploid level previously also known from different parts of the world. The other cytotypes, 2n = 18 (2x) based on x = 9 and 2n = 40 (4x) based on x = 10 are also reported in the literature. A single report of presence of quite high frequency of B chromosomes as 2n = 54 + 6 -13B at hexaploid level is also known from earlier reports by [7] from Central and Eastern Himalayas. The cytotypes investigated at present also show some of the significant morphologi cal differences (Figs. 38a-40b, Table 2 ).
O. undulatifolius (Ard.) P. Beauv. The species is commonly known as wavyleaf basket grass. The pres ently worked out populations are commonly found on the foot of rocks along roadsides in district Kangra. The species is characterized by inflorescence of groups of fascicled spikelets alternate along the axis. This spe cies with n = 27 is also based on x = 9 and is found to be at hexaploid level in conformity with various reports from India and outside India. However, dip loid cytotype with lower chromosome number 2n = 12 is also known for the species in literature by [49] from Shandong. Another single report of presence of 2B chromosomes in hexaploid cytotype is reported by [28] from east India.
Paspalidium flavidum (Retz.) A. Camus. The spe cies commonly called yellow watercrown grass is found mostly in moist and shady places of the plains and hilly areas of district Kangra. The species is char acterized by spikes shorter than the internodes and upper glume not as long as upper lemma. Cytologi cally, the genus is based on x = 8 and 9 with later being more common. The presently worked out species is noted to have n = 27 at hexaploid level in conformity with the earlier reports, that too mostly from India. The species also exhibits diploid and tetraploid chro mosome numbers as 2n = 18, 36 from India and out side India along with aneuploids at polyploid level 2n = 44 [34] and 2n = 56 [32, 50] only from India.
Paspalum dilatatum Poir.
The species is commonly known as dallisgrass, used as a good pasture grass. The populations worked out at present have been found near water places in district Kangra within the altitu dinal range of 800-3500 m. The species is generally characterized by its tufted and perennial habit; genic ulate stem at the base; 3-5 racemes and dull green or purplish spikelets. Cytologically, the genus is based on x = 7-10 with the last number being most common base number. This species is also based on x = 10 and is found to be at hexaploid level with n = 30 in confor mity with majority of reports available from outside India plus two reports from north India by [27] and south India by [6] . The other polyploid cytotypes with 2n = 40, 50 are also previously known for the species but mainly from outside India except for the single report for hexaploid cytotype with 2n = 54 by [51] from India. The meiotic course in all the populations is found to be abnormal with the presence of various abnormalities in the form of cytomixis, chromatin stickiness, unoriented bivalents, inter bivalent con nections, bridges and laggards at different stages of meiosis (Figs. 26-30 ). These abnormalities result into the formation of anomalous microsporogenesis and heterogenous sized pollen grains.
Vol. 47 No. 2 2013 P. distichum L. The species is commonly known as knot grass. The presently worked out populations are found to be common near water places within the alti tude range of 1000-2000 m in district Kangra. The species is characterized by its aquatic habitat with rhi zomes and long creeping stolons; erect culm and ellip tic spike lets, twice as long as broad. The slender rhi zomes of the species form loose mats and act as a soil binder on the banks of the stream. The present chro mosome count of 2n = 50 represents a new cytotype for India and is in agreement with the previous report of 2n = 50 by [52] from outside India. The other chro mosome numbers as 2n = 20 (2x), 40 (4x), 120 (12x) representing euploid levels plus some aneuploid types at polyploid level (2n = 52, 54, 57, 58) are known from outside India along with few reports as 2n = 48 (6x), 60 (6x) from India and outside India both plus one stray report of aneuploid cytotype at 6x level as 2n = 61 [53, 54] from Kashmir in India only. All the popula tions studied at present show the abnormal meiotic behaviour with the presence of 6-10 univalents at diakinesis and M I; bridges and laggards at anaphases and telophases and abnormal microsporogenesis showing diads with 6-7 micronuclei being quite com mon (Figs. 31-33 ). The phenomenon of cytomixis is also present but in low frequency (8%). All these mei otic irregularities result into heterogenous sized pollen grains and reduced pollen fertility (54%).
Urochloa panicoides P. Beauv. The species is com monly known as liverseed grass. The presently worked out populations are found to be common near shady and moist places in district Kangra. The species is characterized by lower glume less than half the length of the spikelet, without a fringe of bristles and gla brous. The genus is based on x = 7-10 with x = 7 remaining to be most common number. But species worked out at present shows n = 24 and based on x = 8 is found to be at hexaploid level in conformity with the earlier reports of 2n = 48 reported by various workers mostly from India except one report by [55] from out side India. The other chromosome numbers as 2n = 30 at 3x [56] and 2n = 42 at 6x level [57] are also reported in the literature from different parts of the world from outside India whereas 2n = 32 at 4x [6] ; 2n = 46 [58] ; 2n = 54 [29] and 2n = 60 at 6x levels [32] are known from India.
DISCUSSION
It is pertinent to assess the frequency of cytologi cally worked out species of each genus studied at present before analyzing the chromosomal data accu mulated from previous and present observations. The frequency of cytologically worked out species is avail able on world wide and India basis as: 30 for Paspalum and 56 and 100% for Urochloa, respec tively (Table 3 , column II). In the species worked out at present, the chromosome numbers are noted as low as n = 5 (1 species), n = 9 (2 species), n = 16 (2 spe cies), n = 18 (2 species), n = 24 (1 species), n = 25 (1 species), n = 27 (9 species), n = 30 (1 species) and as high as n = 36 (5 species). Out of these 21 species, Bra chiaria remota (n = 16), Digitaria granularis (n = 36) and Isachne albens (n = 5) are added as new cytotypes on the world wide basis and Echinochloa crus pavonis (n = 27) and Paspalum distichum (2n = 50) are pooled on India basis. The other sixteen species conforms to the earlier chromosomal reports in the literature.
It is noted that base numbers proposed by different workers for the tribe on the world wide basis are: [59] as x = 7, 9, 10, 12, 15, 17, 19; [3] Otherwise, x = 7-10 are accepted as common base numbers by majority of the cytologists for this tribe [6, 28, 62] . Amongst these, base numbers x = 9 is found to be the most common in occurance as evident from 79% [63] and 70% [28] species of the tribe followed by x = 10 and x = 7. For the presently worked out genera on the world wide basis and on India basis, the base numbers are x = 5-10. On the basis of present chromosome number reports for the species investigated here, x = 9 seems to be the com mon base number (71.42%) followed by x = 8 (14.29%). The other basic numbers x = 10 (9.52%) and x = 5 (4.76%) are comparatively low in frequency. Polyploidy is very widespread in grasses and has played an important role in their evolution as seen from ploidy level of these nine genera with variation exhib ited from 2x to 28x level on the world wide basis and 2x to 14x on India basis (Table 3 , column VII). In the presently studied populations, the same explanation holds true, i.e. the polyploidy remaining to be the chief mode of survival i.e. 8.2% diploids against 91.8% poly ploids in occurance.
A perusal of literature pertaining to these nine gen era brings to light a high degree of chromosome num ber variation at inter and intraspecific level represent ing the role of hybridization and polyploidization leading to well marked diversity. Based on specific pre vious and present information about chromosome numbers, the examples are known of the species belonging to these genera exhibiting intraspecific chromosome number variation in the form of diploid and/or polyploid cytotypes based either on single base number, e.g. The morphological comparison of different hexap loid (n = 27) and octoploid (n = 36) cytotypes of the three species, Digitaria adscendens, D. setigera and Oplismenus compositus show some marked increase in some macro (size of plant; leaves and inflorescence) and microcharacters (stomatal size; size of PMCs and size of pollen grains) with the increase in the level of ploidy.
Regarding the meiotic behavior, most of the species show normal meiosis with high pollen fertility. How ever, two species of Paspalum such as P. dilatatum and P. distichum are meiotically found to be very irregular. The irregularities consist of the occurrence of uni valents at high frequency and abnormal meiotic course. Polyploidy, meiotic irregularity and probably apomixis are frequent in the predominantly tropical genus Paspalum [64] . The phenomenon of cytomixis and chromatin stickiness are considered to be the result of some genetic [65] [66] [67] and environmental fac tors [68] as well as genomic environmental interac tion [69, 70] . It seems to be applicable to the presently studied populations. Chromatin transfer, desynapsis and various other meiotic irregularities seems to be the possible mechanisms responsible for the formation of heterogenous sized pollen grains and low pollen fertility.
